coded and effectively retrieved (Kelle 1997a; Wolfe, Gephart & Johnson 1993) . The research routine is substantially altered. In the best cases, more intellectual energy is directed towards the analysis rather than the mechanical tasks of the research process (Conrad & Reinharz 1984; St John & Johnson 2000; Tesch 1989 ).
The first part of this article summarises the claims associated with using software for qualitative data analysis. Next, we acknowledge the oftmentioned concerns about the role of software in the qualitative research process. We then introduce a new web-based suite of tools, the Coding Analysis Toolkit (CAT), designed to make mastery of core mechanical functions (eg managing and coding data) as well as advanced projects task (eg measuring inter-rater reliability and adjudication) easier. 1 Finally, we assert that CAQDAS tools are useful for increasing rigor and flexibility in qualitative research. Assuming a user (or team) running a project has a basic level of technical fluency, the requisite research design skills, and domain expertise, coding software opens up important possibilities for implementing and transparently reporting large-scale, systematic studies of qualitative data.
C Cl la ai im ms s f fo or r b be en ne ef fi ic ci ia al l e ef ff fe ec ct ts s o of f s so of ft tw wa ar re e
The ease and efficiency of the computerised 'codeand-retrieve' technique undoubtedly enables researchers to tackle much larger quantities of data (Dolan & Ayland 2001; St John & Johnson 2000) . In many projects, a code-and-retrieve technique provides a straightforward data reduction method to cope with data overload (Kelle 2004) . For some researchers, simply handling smaller amounts of paper makes the analytical process significantly less cumbersome and tedious (Lee & Fielding 1991; Richards & Richards 1991a) . No longer constrained by the capacity of the researcher to retain or find information and ideas, CAQDAS creates possibilities for previously unimaginable analytic scope (Richard & Richards 1991) . Furthermore, large sample size in qualitative research allows for better testing of observable implications of researcher hypotheses, paving the way for more rigorous methods and valid inferences (King, Keohane & Verba 2004; Kelle & Laurie 1995) .
CAQDAS preserves and arguably enhances avenues for flexibility in the coding process. Code schemes can be easily and quickly altered. New ideas and concepts can be inserted as codes or memos when and where they occur. The raw data remains close by, immediately available for deeper, contextualised investigation (Bassett 2004; Drass 1980; Lee & Fielding 1991; Richards & Richards 1991; St John & Johnson 2000; Tallerico 1992; Tesch 1991a) . Exploratory coding schemes can evolve as soon as the first data is collected, providing an opportunity for a more thorough reflection during the data collection process, with consequent redirection if necessary. Coding using CAQ-DAS, therefore, is a continuous process throughout a project, rather than one stage in a linear research method. It becomes much easier to multi-task, entering new data, coding, and testing assumptions (Bassett 2004; Richards & Richards 1991; Tesch 1989) .
Interactivity between different tools and functions within the various software packages provides another key aspect of its flexibility (Lewins & Silver 2007: 10) . These features open up new ways of analysing data. Qualitative researchers can apply more sophisticated analytical techniques than previously possible (Pfaffenberger 1988) , routinely revealing patterns or counterfactual observations not noticed in earlier analyses. Many software packages enable examination of relationships or links in the data in ways that would not be possible using hypertext links, Boolean searches, automatic coding, cross-match-ing coding with demographic data, or frequency counting. Some products go beyond textual data, allowing users to link to pictures, include sounds, and develop graphical representations of models and ideas (St. John & Johnson 2000) . Brown (2002, Paragraph 1) sees these benefits as the result of 'digital convergence' that is widely noted in research, media and pop culture domains. Researchers also find CAQDAS uniquely suited to facilitate collaborative projects and other forms of team-based research (Bourdon 2002; Ford, Oberski & Higgins 2000; Lewins & Silver 2007; MacQueen, McLellan, Kay & Milstein 1998; Manderson, Kelaher & Woelz-Stirling 2001; Sin 2007a; St John & Johnson 2000) .
Perhaps the most important contribution of CAQDAS is to the quality and transparency of qualitative research. First, CAQDAS helps clarify analytic strategies that formerly represented an implicit folklore of research (Kelle 2004 ). This in turn increases the 'confirmability' of the results. The analysis is structured and its progress can be recorded as it develops. In making analysis processes more explicit and easier to report, CAQDAS provides a basis for establishing credibility and validity by making available an audit trail that can be scrutinized by external reviewers and consumers of the final product (John & Johnson 2000) . Welsh (2002: Paragraph 12) argues that using software can be an important part of increasing the rigor of the analysis process by 'validating (or not) some of the researcher's own impressions of the data.'
In addition to the benefits of transparency via the audit trail just mentioned, the computerised code-and-retrieve model can make the examination of qualitative data more complete and rigorous, enabling researchers and their critics to examine their own assumptions and biases. Segments of data are less likely to be lost or overlooked, and all material coded in a particular way can be retrieved. 'The small but insignificant pieces of information buried within the larger mass of material are more effortlessly locatedthe deviant case more easily found' (Bassett 2004: 34) . Since the data is methodically coded, CAQ-DAS helps with the systematic use of all the available evidence. Researchers are better able to locate evidence and counter-evidence, in contrast to the level difficulty performing similar tasks when using a paper-based system of data organisation. This can, in turn, reduce the temptation to propose far-reaching theoretical assumptions based on quickly and arbitrarily collected quotations from the materials (Kelle 2004) .
CAQDAS can also be utilised to produce quantitative data and to leverage statistical analysis programs such as SPSS. For many researchers new to qualitative work or for those seeking to publish in journals typically averse to qualitative studies, there is significant value in the ability to add quantitative parameters to generalisations made in analysis (Gibbs, Friese & Mangabeira 2002) . For other researchers -especially those working in applied, mixed method, scientific and evaluation settings -the ability to link qualitative analysis with quantitative and statistical results is important (Gibbs et al 2002) . In these instances, CAQDAS enables the use of multiple coders and periodic checks of inter-coder reliability, validity, conformability and typicality of text (Berends & Johnston 2005; Bourdon 2000; Kelle & Laurie 1995; Northey 1997) .
Another important contribution of CAQDAS results from the capability of improving rigorous analysis. Computerised qualitative data analysis, when grounded in the data itself, good theory, and appropriate research design, is often more readily accepted as 'legitimate' research (Richards & Richards 1991: 39) . Qualitative research is routinely defined negatively in relation to quantitative research as the 'non-quantitative' handling of 'unstructured' data (Bassett 2004) . This negative definition conveys a sense of lower or inferior status, with a specific reputation for untrustworthy results supported by cherry-picked anecdotes. Computerised qualitative data analysis provides a clear pathway to rigorous, defensible, scientific and externally legitimised qualitative research via transparency that the qualitative method tradi-tionally lacks (Kelle 1997a; Richards & Richards 1991; Tesch 1989; Webb 1999; Weitzman 1999; Welsh 2002) .
S So om me e c ca au ut ti io on na ar ry y n no ot te es s
The impact of CAQDAS on research is extensive and diverse. For some, however, such effects are not always desirable. The enhanced capability of dealing with a large sample may mislead researchers to focus on raw quantity (a kind of frequency bias) instead of meaning, whether frequent or not (Mangabeira 1995; Seidel 1991; St John & Johnson 2000) . There exist very legitimate fears of being distant or de-contextualised from the data (Barry 1998; Fielding & Lee 1998; Sandelowski 1995; Seidel 1991) .
Mastering CAQDAS itself can be a distraction. Many researchers complain they have to invest too much time (and often money) learning to use and conform to the design choices of a particular software package. It has been noted that new users encounter usability frustration, even despair and hopelessness, along the way to CAQDAS fluency or completed project, if they ever get there (St John & Johnson 2000) . Closing the quantitative-qualitative gap via computer use threatens the sense shared by many about the distinctive nature of qualitative research (Gibbs et al 2002; Richards & Richards 1991a; Bassett 2004) .
Of particular concern is a widespread notion that grounded theory is literally embedded in the architecture of qualitative data analysis software (Bong 2002; Coffey, Holbrook & Atkinson 1996; Hinchliffe et al 1997; Lonkila 1995; MacMillan & Koenig 2004; Ragin & Becker 1989) . This is linked conceptually to an overemphasis on the code-and-retrieve approach (Richards & Richards 1991a; Tallerico 1992) . At issue is the homogenising of qualitative methodology. In this sense, CAQDAS may come to define and structure the methodologies it should merely support, presupposing a particular way of doing research (Agar 1991; Hinchliffe et al 1997; MacMillan & Koenig 2004; Ragin & Becker 1989; Richards 1996; St John & Johnson 2000; Webb 1999) .
The debates are ongoing. Previous studies suggest that the structure of individual software programs can influence research results (Mangabeira 1995; Pfaffenberger 1988; Richards & Richards 1991c; Seidel 1991) . We join others who acknowledge the paramount role held by the free will of the human as computer-user and active, indeed dominant, agent in the analytic process (Roberts & Wilson 2002; Thompson 2002; Welsh 2002) . Researchers can and should be vigilant, recognising that they have control over their particular use of the software (Bassett 2004) .
The remainder of this paper introduces a new system, the Coding Analysis Toolkit, which is part of an effort at the University of Pittsburgh to enhance both the rigor and flexibility of qualitative research. The CAT system aims to make simple, usable, online coding tools easily accessible to students, researchers and others with large text datasets.
T TH HE E C CO OD DI IN NG G A AN NA AL LY YS SI IS S T TO OO OL LK KI IT T
T Th he e o or ri ig gi in n o of f t th he e C Co od di in ng g A An na al ly ys si is s T To oo ol lk ki it t Accurate and reliable coding using computers is central to the content analysis process. For new and experienced researchers, learning advanced project management skills adds hours of struggle during trial-and-error sessions. Our approach is premised on the idea that experienced coders and project managers can deliver coded data in a timely and expert manner. For this reason, the Qualitative Data Analysis Program (QDAP) was created as a program initiative at the University of Pittsburgh's University Center for Social and Urban Research (UCSUR). QDAP offers a rigorous, university-based approach to analysing text and managing coding projects. QDAP adopted the analytic tool ATLAS.ti (http://www.atlasti.com), one of the leading commercial CAQDAS for analysing textual, graphical, audio and video data. It is a powerful and widely-used program that supports project management, enables multiple coders to collaborate on a single project, and generates output that facilitates effective analysis. However, as a frequent and high volume user of ATLAS.ti (eg more than 5,000 billable hours of coding took place in the QDAP lab this year), certain limitations stand out.
First, ATLAS.ti users perform many repetitive tasks using a mouse. The click-drag-release sequence can be physically numbing and is prone to error. It decreases the efficiency of our large dataset annotation projects and represents a distraction from the core code-and-retrieve method. Most COTS packages in fact share this awkward design principle. Coders must first manually retrieve a span of text (click-drag-release) and then code it (another click-drag-release) for later retrieval; hence a more accurate description of much of the COTS software is as retrieve-coderetrieve and not code-and-retrieve.
Second, ATLAS.ti lacks an easy mechanism to measure and report inter-coder reliability and validity. Clients of QDAP point to their need to make these measures operational in their grant proposals and peer-reviewed studies. ATLAS.ti provides limited technical support for the adjudication procedures that often follow a multicoder pre-test. There are other software applications for calculating inter-coder reliability based on merged and exported ATLAS-coded data; however, each of these programs rather inconveniently has its own requirements regarding data formatting (Lombard, Snyder-Duch & Bracken 2005) , raising concern that researchers may be forced to choose some fixed procedure that can easily accommodate further to use the particular tool.
K Ke ey y f fu un nc ct ti io on na al li it ty y o of f t th he e C Co od di in ng g A An na al ly ys si is s T To oo ol lk ki it t
In order to address these problems, QDAP developed the Coding Analysis Toolkit (CAT) (http://cat.ucsur.pitt.edu) as a complement to ATLAS.ti. This web-based system consists of a suite of tools custom built from the ground up to facilitate efficient and effective analysis of raw text data or text datasets that have been coded using the ATLAS.ti. The website and database are hosted on a Windows 2003 UCSUR server; the programming for the interface is done using HTML, ASP.net 2.0 and JavaScript. The aims of the CAT are to serve as a functional complement and extension to the existing functionality in ATLAS.ti, to open new avenues for researchers interested in measuring and accurately reporting coder validity and reliability, to streamline the consensus-based adjudication procedures, and to encourage new strategies for data analysis in ways that prove difficult when performed during the traditional mechanical method of doing qualitative research. The following sub-sections summarize the primary functionality and the breakthroughs made within the CAT system. D Da at ta a f fo or rm ma at t r re eq qu ui ir re em me en nt t
The CAT system provides two types of work modes. The first mode uploads exported coded results from ATLAS.ti into the system for using Comparison Tools and Validation and Adjudication Module. In this case, the CAT system functions as a complement or extension to ATLAS.ti. The second mode allows users to upload a raw, uncoded data file and an optional code file with a .zip file, an xml-based file or a plain-text file. Then, the assigned sub-account holder(s) can directly utilise the Coding Module to perform annotation tasks. In this situation, CAT replaces the coding function in ATLAS.ti. With CAT, users have more flexible options when adopting analytic strategies than they do when using ATLAS.ti alone.
D Dy yn na am mi ic c c co od de er r m ma an na ag ge em me en nt t
Users need to register accounts first and then log on to access CAT. The system also allows users to assign additional sub-accounts to their coders for practicing coding and adjudication procedures. Due to its web-based nature, project managers can quickly and readily trace the coding progress and monitor its quality. It thus offers a collaborative workbench and facilitates efficient multiple-coder management.
C Co od di in ng g m mo od du ul le e
In CAT's internal Coding Module, a project manager, who registers as the primary account holder, has the ability to upload raw text datasets with an optional code file and has coders with sub-accounts to code these datasets directly through the CAT interface. This Coding Module features automated loading of discrete quotations (ie one quotation at a time in a view) and requires only keystrokes on the number pad to apply the codes to the text. It eliminates the role of the computer mouse, thereby streamlining the physical and mental tasks in the coding analysis process. We estimate coding tasks using CAT are completed two to three times faster than identical coding tasks conducted using ATLAS.ti. It also allows coders to add memos during coding. While this high-speed 'mouseless' coding module would poorly serve many traditional qualitative research approaches (where the features of ATLAS.ti are very wellsuited), it is ideally suited to annotation tasks routinely generated by computer scientists and a range of other health and social science researchers using large-scale content analysis as part of a mixed methods approach. Figure 1 shows the Coding Module interface.
C Co om mp pa ar ri is so on n t to oo ol ls s Figure 2) . A user can also choose to perform a code-by-code comparison of the data, revealing tables of quotations where coders agree, disagree, or (in the case of ATLAS.ti users) overlap their text span selections. Users can choose to view the data reports on the screen or, alternatively, can download the data file as a rich-text file (.rtf ).
V Va al li id da at ti io on n a an nd d a ad dj ju ud di ic ca at ti io on n m mo od du ul le e CAT's other core functionality allows for the adjudication of coded items by an 'expert' user who is a primary account holder or by a sub- account holder attached to the primary account holder. An expert user (or a consensus adjudication team) can log onto the system to validate the codes assigned to items in a dataset. Figure  3 shows the interface of the validation function, which, just like the Coding Module, was also designed to use keystrokes and automation to clarify and speed-up the validation or consensus adjudication process. Using the keystrokes 1 or 3 (or Y or N), the adjudicator or consensus team reviews, one at a time, every quotation in a coded dataset. While the expert user validates codes, the system keeps track of valid instances of a particular code and notes which coders assigned those codes. This information provides a track record of coders, assessing coder validity over time. If two or more coders applied the same code to the same quotation, the database records the valid/invalid decision for all the coders. It also allows the account holder(s) to see a rank order list of the coders most likely to produce valid observations and a report the overall validity scores by code, coder, or entire project (shown as Figure 4 ), resulting in a 'clean' dataset consisting of only valid observations (shown as Figure 5 ). I In nt te er r--c co od de er r a ag gr re ee em me en nt t m me ea as su ur re es s s su up pp po or rt t r ra at th he er r t th ha an n d de ef fi in ne e r ri ig go or r Criticism about the rigor of qualitative research has a long history. Ryan (1999) To what degree do they represent the construct(s) that the investigator is trying to describe?' Both questions focus specially on investigators' synthesis and presentation of qualitative data and are related to issues of reliability and validity of research.
For many years, some investigators have advocated 'the use of multiple coders to better link abstract concepts with empirical data' (Ryan 1999: 313) and to thus be able to effectively address such suspicion (Carmines and Zeller 1982; Miles and Huberman 1994) . Multi-coder agreement is also beneficial for text retrieval tasks, especially when the dataset is large. An investigator who uses a single coder to mark themes relies on the coder's ability to accurately and consistently identify examples. 'Having multiple coders mark a text increases the likelihood of finding all the examples in a text that pertain to a given theme' (Ryan 1999: 319) . It helps build up reliability of the analysis process. Recognising the benefits multiple coders use as a means to increase rigor and to enhance the quality of qualitative research, QDAP currently adopts this approach. Ryan (1999) summarises that multi-coder agreement serves three basic functions in the analysis of text. First, it helps researchers verify reliability. Agreement between coders tells investigators the degree to which coders can be treated as 'reliable' measurement instruments. High degrees of multi-coder reliability mean that multiple coders apply the codes in the same manner, thus acting as reliable measurement instruments. Multi-coder reliability proves particularly important if the coded data will be analyzed statistically. If coders disagree on the coding decision with each other, then the coded data are inaccurate. Discrepancies between coders are considered error and affect analysis calculations (Ryan 1999: 319) .
Second, multi-coder agreement can also function as the validity measure for the coded data, demonstrating that multiple coders can pick the same text as pertaining to a theme. This provides evidence that 'a theme has external validity and is not just a figment of the primary investigator's imagination' (Ryan 1999: 320) . CAT users can obtain reliability measures to serve the two previously discussed functions through the Comparison Tools (shown as Figure 2) .
The last function of multi-coder agreement provides evidence of typicality. It can help researchers identify the themes within data. Ryan (1999) notes 'with only two coders the typicality of responses pertaining to any theme is difficult to assess'. A better way to check typicality of responses is to use more than two coders; in this case, we assume that the more coders who identify words and phrases as pertaining to a given theme, the more representative the text. Therefore, agreement among coders demonstrates the core features of a theme. Some may argue that these core features represent the central tendency or typical examples of abstract constructs.
On the contrary, the disagreement highlights the theme's peripheral features, representing the 'edges' of the theme (Ryan 1999) . They are seen as marginal examples of the construct. They may be less typical, but are not necessarily unimportant. Within CAT, users can acquire both central tendency and marginal information on the coded data through Dataset Reports, which list the quotations by each code and are tagged with the coder ID. Figure 5 shows the report of a sample dataset. In this case, the four coders all annotated the second quotation as the code name of 'economic issues,' which indicates this quotation is commonly identified as the same theme or key concept, while the first and the fifth quotations are coded by only one coder; the investigator may need to consider how to handle these peripheral features in his or her analyses.
There are at least three moments in which Lombard, Snyder-Duch & Bracken (2005) In a traditional way, these assessments might be carried out once for each moment through the linear time, or only one time for the whole coding process, most likely during coder training or in pilot study before starting to code the full sample. With CAT, the reliability assessment can be easily and quickly obtained at any time. The coding tasks become a dynamic and circular process, allowing the investigators intimate control over the analytic courses.
A Ad dj ju ud di ic ca at ti io on n p pr ro oc ce ed du ur re es s f fo or r s su up pp po or rt ti in ng g r ri ig go or r
The CAT system provides a flexible framework to practice adjudication of coded data. The flexibility of assigning sub-accounts holders in CAT allows a user to choose the way of arranging the adjudication strategy depending on his/her own human resources. The following three conditions can all be served: 1. an investigator can assign the coding tasks to coders and he/she does the coded data adjudication when he/she is the only investigator in the project; 2. when the condition is a collaborated project involving one primary investigator and other co-investigators, parts of the research team can do the coding tasks while the other parts take responsibility of adjudication; 3. investigator(s) participate in coding and have an external party serve as the expert adjudicator(s). This third condition can also be seen as part of the auditing process, which can add to the 'confirmability' (or 'objectivity' in conventional criteria) of qualitative research.
M Mu ul lt ti ip pl le e a ap pp pr ro oa ac ch he es s f fo or r s su up pp po or rt ti in ng g f fl le ex xi ib bi il li it ty y
Rather than imposing a fixed working procedure on users, we expect researchers using CAT to maintain their free will. The decision of using all or certain aspects of the available functionality depends on the researchers' judgment according to the nature of their studies. We encourage qualitative researchers to keep a critical perspective on CAQDAS use and, more importantly, to use it in a flexible and creative way. CAT, as a flexible and dynamic workbench, supports multiple approaches in qualitative research:
• It can be used as a complementary tool to ATLAS.ti or as a tool supporting the whole coding and adjudicating and output analysing process.
• It supports a solo-coder work mode or a multiple-coder teamwork mode.
• It allows adjudication procedures carried out by one expert adjudicator or a consensus team.
• It helps to blend quantitative contributions into quantitative analysis -researchers can choose to report texts with qualitative interpretation alone, or researchers can report high or low frequency statistics of coded data as an evidence of central tendency and/or a theme's peripheral features.
Based on this section's discussion of CAT as a tool to enhance qualitative research rigor and flexibility, we may argue that the CAT system, in fact, increases 'closeness to data.' Countering the concerns that researchers will become distance from the data due to computer use, CAT's convenience and flexibility encourages users to 'play' with their data, and to examine data from different angles.
N Ne ex xt t s st te ep ps s
Drawing on the rich experiences of qualitative projects implementation and collaborating with clients across disciplines, QDAP has developed rich resource bases to determine the real needs of analysts. The features within CAT are based on a user-centered design. During CAT's development, special attention has been paid to the effectiveness of functionality and to the needs for an easy-to-use and instinctive interface that directly influences the efficiency of the workflow and the user experience. We expect that the CAT system will not only extend but effectively alter the existing practice. In order to verify the potential positive impacts of CAT and to detect problems in its functionality and interface, evaluations are included in our research plan. Therefore, the next step will be to conduct a usability and impact study. Systematic user feedback will be gathered via a beta tester web survey in April 2008 and will shape the future development of CAT. At the same time, QDAP continues to extend the capabilities of CAT. Its reliability as software may prove sufficiently robust enough to merit commercial licensing before the close of 2008.
